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T h i s  report  submitted t y  Aeronca ?'anufac r u r  i z g  Corpcrat ion to 

t h e  George C. f ihtshal l  Space F1 ight  Center, ? U S A ,  FIuntsville,  

Alabama covers the  work accomplished on C o n t r a c t  piAS8-5221 f o r  

the 
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t h i r d  calendar m x t h  of this prograni, A p r i l  1963. 

f o l l o w i n g  items are i n c l u d e d :  

Total e n g i n e c r f n g  h o u r s  experided d u r i n g  A p r i l  1963 were 293. 

nu- 1111!1iiitrrir ~ h e r m a i  a n a i y a i s  ana  parametrtc s t u d i e s  tor  

SR 60-520001 and 30?:125-1 Feat S h i e l d  Pacels. 

Structura l  Analys is  €or S-1C hest  s h i e l d  panel 30K12571 

based on revised loads  information. 
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Pre~ented i n  t h i s  s e c t i o n  a r e  t h e  t r a n s i e n t  b r a t  t r a n s f e r  ana lyses  of f h e  

S a t u r n  base heat s h i e l d  panel for design drawing Eos ,  30312571 and 

SK 6 ~ ~ - ~ ~ ~ 1 .  A l l  analpsee  a r e  three-dimensional i n  nature and are based 

t h e  heating r a t e s  and surface temperatures per NASA Huntsville daxa-of 

63 6 2-21-63, Yiq.1. Inc!udcd are t h e  maximum temperature profiles 
* * 

of the  edge a t t achmen t  schemes f o r  t h e  two pane l  d e s i g n s .  

profiles presented  are fer t h e  c o n d i t i o n  of 100% b r a z i n g  a l l o y  n o d e  f l o w  

The t en 'pe ra tu re  

In addf t ion  t o  t h e  t h e r m a l  analyses of the  two panel concepts ,  a set of 

paralnett Ec c urvea is presented i l l u s  t rat ing the * temperature d i f f ererit ia1s 

across the honeycomb suppor t  scruciure a s  a f u n c t i o n  o f  h r a z i n g  node f l o w  

s i z e .  c e l l  d i r n e n s f o n s  and ??-31 r e i n f o q e m e n t  L ~ O R ~ W O I E ~  dimensions. While  

these parametric s t u d i e s  are c o n f i n e d  to t h e  dimensions ba::ndc*d for The 

most p a r t  b v  r h e  dimensions of t h e  panels considered, t t t e y  30 prttsi.!rt the  

. p o ~ s i b l e  trade-offs t h a t  could be considered f o r  possible panel  d e s i g n  

optimization from thermal c o n s i d e r a t i o n s .  

* NASA Data, F i g u r e  2 ,  Estimared Temperatures of S - 1 6  Yeat S h i e l d  P a n e l  

Attachments, 2-11-93 i*-P*T'E Pi3 2t.--53. 
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i f  PfETFE3.5 OF .AP,:?LI'SZS 

Acronca has deve lcped  a d i g i t a l  computer Freeram which has g e n e r a l  

a p p l i c a b i l i t  Y to t he rma l  a n a l y s i s  of h i g h  temp?rature s t r u c t u r e s .  

purposes of a n a l y s i s  t h e  s t r u c t u r e  is r e p r e s e n t e d  b y  a 8e.t of s p a t i a l l y  

d i s t r i b u t e d  points o r  nodes.  

by s o l v i n g  t h e  g e n e r a l i z e d  heat  b a l a n c e  e q i a t i o n  i n  f i n i t e  difference f r r m :  

For 

The t e m p e r a t u r e  of each node ie de te rmined  

T f and T1 r e p r e s e n t  t h e  t e p p e r a t u r e s  a t  rhc  end  and b e g i n n i q g  of 

t h e  rirne s t e p ,  respectivelv. 

v o l u m e t r i c  h e a t i n g  and i n c i d e n t  s u r f a c e  f l u x ,  respectivelv. 

is the t h e r m a l  conductance between node i and node j. 

i t e r a t i o n  for T? and r e - e v a l u a t e s  t empera tu re  dependerlt f u n c t i o n s  

( r a d i a t i o n  c o e f f i c i e n t ,  e t c . )  on t h e  t e m p e r a t u r e  a t  t h e  midpoifit o t  t h e  

t ine  s t e p .  

3 
The p a r a m e t e r s  Q t f f  and Q? J r e p r e s e n t  

j 

L' i J  

The program does an 

T! , i s  is t h e  se-called I m p l i c i t  ? f e thod .  

0 
The program yan  use the  k x p l i c i i  t.iFthod, i n  which 7' a n d  T are t ! .e sane 

a8 t h e  Trnplicit Method. The hea t  b a l a n c e  e q u a t i o n  will becone explicit 

in T 

There is now a linit o n  t h e  lenpt j :  o f  t i m e  s t e p f l w h i c h  t h e  program ca l -  

cu l a t e s  and i s  gi-,:eE AT=pvCp/u;; and t a k e n  sc  t h a t  t h e  exrress io  

is a ninimum f o r  t h e  en:ire n o d a l  s y s t e m .  
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s t a t e  c a f c u l a t  i ons  is 

The poraieettas Q * ! f  and Q'! a r e  t h e  same a s  d e f i n e d  previously. 
J 3 

The t he rma l  conductance rerm, [ I .  i s  used i n  t h r e e  b a s i c  forms: i 

( 1 )  s o l i d  t o  s c l i d  r a z d u c t i a n .  w i c k ,  c s n t a c t  coe f f i c i e1 : t ;  ( 2 )  s o l i d  t o  

s o l i d  r a d i a t i o n .  w i t h  r a d i a t i o n  c o e f f i c i e n t ;  and ( 3 )  s o l i d  t o  f l u i d ,  

with c o n d u c t i o n  and f i l m  c o e f f f c i e n t .  

i j  

There are  s e v e r a l  impor t an t  f e a t u r e s  i n  t h i s  computer program. The amount 

of d a t a  necessary t o  r u n  a p rob lem i s  q u i t e  l a r g e  and would i n c l u d e  such 

* t h i n g s  a s :  ( 1 )  t ime ,  boundary tempera:ure t a h l e s ;  ( 2 )  time, r a t e  t a 5 l t s ;  

( 3 )  N u s s e l t  number c o r r e l a t i o n  t a b l e s ;  ( 4 )  m a t e r i a l  property  t a b l e s ;  

( 5 )  node d e s c r i p t i o n  d a t a  f o r  cacti node; a n d  (0) cocf;ectiGn d a t a  for 

each ncdt.. Although a large  amount cf i npu t  d a t a  i s  n e c e s s a r y ,  t h e  

engineer requires l i t t l e  o r  no knowledge of c m p u t e r  prcrgraming o r  

techni.qyes t o  use  t h e  program. Use of s t a c k e d  s t o r a g e  is  employed r a t h e r  

than the b u l k i e r  reserved storage, so that  problems w i t h  g r e a t e r  t h a n  

1000 nodes can be run.  

The program i s  di7;ider.i i n t c  f i v e  c h a i n s :  

wh ich  is easy  for t h e  u s e r  t o  p r e p a r e  a n d  s t o r e s  i t  t o r  f u r t h e r  prrrcessi,r;i?-- 

i n  o t h e r  words,  C h a i n  1 i s  j u s t  t o  inpu t  t h r  problem; Chain 2 p r o c e s s e s  

data  front.Chain 1 t n t o  a form w h i c b  t h e  prozram can u s e ;  C h a i n  3 t a k e s  

Chain &accepts  d a t a  i n  a form 
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t h i s  proret ised d a t a  and performs t he  ccaputarinn of E g t r a c i ~ n . s  $ 1 )  o r  

( 2 ) ;  C t i a i r r  L, i s  an e d i t i n g  c k a i n  which w i l l ,  (1) R i v e  e t ine-temperatGre 

history if requested, and ( ? >  i f  t h e  run is p u l l e d  f o r  t i m e ,  punch t i e  

current temperature d i s t r i b u t i o n  or decimal  cards so that  the  run can be 

restarted; w i n  5 s e t s  up change casea, 

the program i s  presented in Referenre 1. 

A w r e  detailed d e s c r i p t i o n  of 

A second method of  beat  t r a n s f e r  which w a 8  employed was t o  asseinble "n'' 

heat 5 a l a n c e  equations, one for t a c h  temperature ~ o i n t  i n  t h 6  par2el arid 

Sauss-Seidel i t e r a t i o n  =ethod t o  determine t h e  unkno'm temperatures .  

This process f s  repeated f o r  each time i n t e r v a l  until the  d e s i r e d  

t r a n s i e n t  a n a l p s i s  i s  complete .  

The qeneral  form of t h e  hea t  ':alar.ce equat ion for one p o i n t  i n  t h e  panel 

for a single t i m e  i n t e r v a l  i s  g i v e n  fielow. 

Thermal StoraRe - Convection 4 Conduction - 

Fluid flow input 

(Wt/'.')WC (TX-I) 

Surface  Flax 

4-s u F 
S o l i d  Radiation 

R e f .  1 - )jx-538, ''A Transient  Heat Tracsfer Computer A n a l y s i s  for Space Vehicle 
Application1?,  W. Ytehaus ,  R .  Criss, R .  Cannixzaro. February 1963 



In 
i 
0 - 
In 

> 
w 

- 
a 

AERONCA MANUFACTURING CORPORATION 
C*GI t I M l D O L E T O W N  OHIO I 



r :  i 
' .1 

T 

I 
! . $ - .  
I 

' ,  



- :+  

. :  9 



I 







AERONCA MANUFACTURING CORPORATION 
MI DDLETOW N,  OHIO 

PREPARED BY DYP 



DYP R E P A R E D  BY-- - _ _  
H E C K E D  E V  

30"12';7! 
1.0" t h i c k  

-_ AERONCA MANUFACTURING CORPORATION 1 1 
M I D D L E T O W N  OHIO 3 i'h- ' ( : ( I  

REPORT- ____ 



I AERONCA MANUFACTURING CORPORATION 
'REPARED BY i)?'p __ ' MIDDLETOWW. OHIO 

;HECKED B Y  I 
SLCTION 





















P 













- x  
o n  
X: 





- 
S 
0 
I 







Page 3 3  
E N - t 6 5  



-> 
3 

1 

i 
- w  . , - -  - -  

.? 
<. , 
3 

I 

!- 

I i -' 

. .  _- I 

*- , - 

'-J 
3 





'. :I x 

-4: 
1 I 



8 



r , ?  



R M  4 0 4 0  
R U E R L V  C N - 1 1 )  



c ,  

?AGE -.-> DYP AERONCA MANUFACTURING CORPORATION 
R E P A R E D  B Y  - I 

MIDDL €TOWN OHIO 
Eb;-*  ' ( z  

RO?OlT  ~ ~ - ---- 

1 .  



i 

s 

s 
> 

P 

- 
.& 

42  
P A G E  -~ _I_-.- 

AERONCA MANUFACTURING CORPORATION 
'RFPARED BY--_ "E! - 

M l O D l  ETOWN OHIO t J* - *'hC) 
REPORT -_ - ----- 

L 

I - iL4(  

I! x -  

, 

L I :  I I ' .  , 

t 

?7 , .". 
- _  

t 



F O R M  4 0 4 0  
,IDRYCILI EN. 2' 

$ 5  
1 '  - 6 0  

PAGE- _ _ _  -- - - . ,, _I ' AERONCA MANUFACTURING CORPORATION 
P H E P A R E O  B Y  _.L)" 

M I D D i  E T O W N  OIIlO 

REPORT- I__-.-_--I_ 

- 4  

J 

3 
U 

1 

I I 

# 

- ,  , onlt ':  

;I w i , I :  ' 





2 R U E R L Y  EN- I t )  

n 

I'n 



P M  4 0 4 0  

? t  p 



A E RONCA MANUFACTURING CORPORATION 47 
~ * O L  

t)?-1 
REPARED B Y  - 

. H E C K E D  B Y  REPORT---.---- 

MIDOLETOWN.  O W 1 0  Et<- 5,hY 

X - moment i r j - L i i / i n  

P o i s s o i i f s  h a t i o  


